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A High Voltage High Frequency Resonant Inverter
for Supplying DBD Devices with Short
Discharge Current Pulses

Xavier Bonnin, Julio Brandelero, Nicolas Videau, Hubert Piquet, and Thierry Meynard

Abstract—TIn this paper, the merits of a high-frequency resonant
converter for supplying dielectric barrier discharges (DBD) devices
are established. It is shown that, thanks to its high-frequency op-
erating condition, such a converter allows to supply DBD devices
with short discharge current pulses, a high repetition rate, and to
control the injected power. In addition, such a topology eliminates
the matter of connecting a high-voltage transformer directly across
the DBD device and avoids the issues related to the parasitic capac-
itances of the latter which disturbs the control the power transfer
to the plasma. The design issues of the converter, including the in-
verter and its switches, the resonant inductor, and the parameter
drift compensation are studied. An experimental validation is per-
formed: a mega Hertz resonant converter using GaN FET switches
has been manufactured and tested with an excimer lamp.

Index Terms—Dielectric barrier discharges (DBD), GaN, high
frequency, high voltage, inverter, mega-hertz, plasma, pulsed
power, resonance, transformerless, wide bandgap.

1. INTRODUCTION

IELECTRIC barrier discharges (DBDs) are nowadays ex-
D tensively used to achieve the generation of cold plasmas at
atmospheric pressure [1], [2]. Industrial applications of DBDs
are spread out to various industrial domains, such as surface
treatment [3]—[5], decontamination [6], [7], semiconductor fab-
rication, lighting—especially UV rays generation [8] by means
of DBD excimer lamps.

In order to supply such a capacitive load, several options
using resonant or quasi-resonant principles have been studied
in [9]-[11]. In [9] and [10], topologies using a high-voltage
transformer are used in order to deal with the high voltage
necessary to supply the DBD device. A low-frequency trans-
formerless topology using the voltage gain of an LCL cell at a
resonant frequency is studied in [11]. The operating frequencies
are in the range of 30 kHz in [9] and [11] and of 80 kHz in [10].
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Already few hundreds of kilo-Hertz frequency range has been
reached [12] by using a current-controlled inverter associated
with a high-voltage transformer directly connected to the DBD
device.

Topologies using a high-voltage transformer offer design
eases by strongly reducing the working voltage at the primary
side and strongly increasing the equivalent capacitance seen at
the primary winding. It is shown that including a high-voltage
transformer may lead to capacitive effects harmful for the proper
functioning of the system [13]. Capacitive effects, which can be
taken into account by means of a single capacitance connected
in parallel with the DBD device, forms a current divider: an im-
portant part of the supplied current flows through the equivalent
parasitic capacitance, instead of the DBD device, complicating
the gas ignition and leading to increase the transformer current
rating.

In some industrial applications, like surface treatment and
lighting, pulsed discharge currents have proved their inter-
est [14], [15]. Many pulsed power converters designed for DBD
applications have already been considered. In [16], a Marx
generator-based topology allows us to obtain few hundreds of
nanoseconds pulsed discharges and a repetition rate about sev-
eral hundreds of Hertz. In [17], a voltage inverter topology is im-
plemented, and few microseconds pulses durations is obtained
with a repetition rate of few tens of kilohertz. Such topologies
do not allow us to reach high pulse repetition rates. In [17], the
use of a high voltage transformer directly connected to the DBD
device also exhibits a lower limit value for the pulses durations
because of the leakage inductance.

The purpose of this paper is to show that a high-frequency
resonant topology allows us to supply DBD devices with con-
trolled short discharge currents with high repetition rates. It is
also shown that short-current pulses durations can be obtained
because no transformer directly connected to the DBD device
is needed. High-frequency (above 1 MHz) resonant converters
have already been studied for high current / medium voltage
discharge lamps in [18].

In Section II, the DBD device behavior is described, and a
theoretical study is carried out in order to establish the merits
of such a power converter: it is shown that it is possible to
control the injected power and the discharge pulses duration
using the power converter parameters. Then, in Section III, the
design issues of the resonant converter including the resonant
inductor and the inverter are considered in order to formulate
the specifications. Finally, Section IV brings an experimental
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Fig. 2. (a) Electrical model of a DBD device. (b) Charge—potential diagram
under periodic operating conditions. (¢) Sequential diagram for the operating
sequences.

validation which exhibits technical limitations and highlights
the challenge of controlling parasitic elements.

II. THEORETICAL STUDY
A. DBD Devices

1) Characteristics: Two examples of DBD devices are rep-
resented in Fig. 1. The first example shows an experimental setup
made of two parallel plates which is commonly used to carry
out experimental validations for surface treatment applications.
The second one shows a cylindrical setup which is commonly
used in UV-emission devices.

2) Electrical Behavior: According to [19], such a device can
be electrically modeled by the equivalent scheme; see Fig. 2(a).
It sufficiently describes both cylindrical and planes geometries
setups. Cyys models the structural capacitance of the gas vol-
ume when the discharge is not alighted, Cy;e stands for the
total dielectric capacitance due to the presence of at least one
dielectric barrier. V{y, the steady-state threshold voltage, models
the breakdown phenomenon that occurs when the gas voltage
Vyas 1s increased. In some DBD devices like excimer lamps,

the first gas ignition threshold voltage Vt[}}] is greater than the
steady-state threshold voltage V;;,. For a “worst case” design

TABLE I
TYPICAL PARAMETER VALUES OF TWO DBD DEVICES

Planar DBD
(9 cm? / 1 mm gap)
Surf. treatment
(experimental setup)

Excimer lamp

Application UV emission

Geometry type Planar Cylindrical
Power (typical) 50 W 100 W
Frequency range 0.1-15 kHz 50-200 kHz
HV transformer ratio 50 - 150 10 - 20
Max. voltage 12 kV 5kV
Typ. current 50 mA 50 mA
Ceas 8 pF 21 pF
Cdiel 55 pF 75 pF
Vi 3500 V 1200 V
'dis
> 1
[ Vipd
thF——
Vin ( = e
— _Vth
DBD device

Fig. 3. Resonant converter topology: outline schematic. R, stands for mod-
eling losses elements.

Vt[ﬁ] should be employed instead of V;;,. The latter would be
employed for steady-state calculations. DBD devices must be
supplied with ac current sources because of the presence of
the dielectric barriers. A common approach which facilitates
the reasoning under periodic operating condition is to model
the DBD device by its Qqpq—Vapq diagram, where Qqpq and
Vawna are, respectively, the injected charge into the DBD de-
vice defined by Qqpq = f 1apa and the DBD voltage. It leads
to the results shown in Fig. 2(b). The slopes p; and ps stand,
respectively, for 1/Cgie1 and 1/Caiel + 1/Cias.

E1, . the energy injected into the DBD device during one
period is defined by

Efng = / Vabatana dt = %ded dQava = A. (1)
T

The value of EJ, , is A, the area of the parallelogram [see
Fig. 2(b)]. Typical values of DBD devices parameters used for
our experiments are displayed in Table I. The same values are
observed in [10] and [20]. Capacitance values are typically of
several tens of picoFarad, and the threshold voltage V;}, is around
several kiloVolts.

B. Theoretical Study

1) Converter Topology: Because of their high threshold volt-
age value, supplying DBD devices needs to deliver high voltage
in spite of the small values of Cy,s and Cyjc1. A resonant topol-
ogy described in Fig. 3 is appropriate in that regard. Indeed,
high-voltage values across the DBD can be reached thanks to the
resonant tank voltage gain. It consists of a low-voltage source
Vin, whose value is compatible with common power electronics



switches, connected to a full-bridge inverter which supplies with
a symmetrical squared voltage to the resonant tank, made of the
resonant inductance connected in series with the DBD device.

2) Injected Power Under Periodic Operating Condition: In
this section, the effects of R, which account for the losses of
the bridge and the inductor, are neglected. On the one hand, the
mean power consumed by the DBD device Fyy,q is given by the
common formula

I
Papa = T/ iabd () Vinv () dt 2
0

where T is the operating period. The current iq1,q is assumed
to be quasi-sinusoidal with a frequency F' because of the reso-
nant tank which achieves a low-pass filtering and eliminates the
harmonics of V;,,,. Thus, (2) leads to

1 [T,
Pivad = = / Tdbd Sin(Qﬂ'Ft)
T 0

o]

Z (n

n=1

1. (1);
=_V!
2 mv

= 7rFVh(11V) Quna cos(¢r) 3)

where iqpd, ded and VH(W) are, respectively, the magnitudes
of igha, @davd, and the fundamental of Vi, and ¢, is the phase
difference between the first harmonics of 74,4 and Vi, .

On the other hand, the energy injected into the DBD device
during one period is given by the )-V diagram area, A. A

geometrical study of Fig. 2(b) shows that
A =4V, (Qava — CaasVin)- 4

The mean power consumed by the DBD device is given by
Pypq = FA. Thus, combining (3) and (4) leads to

A Ceas Vi
Qaba = =5 L ~ ®)

EaTAS
1-— 774‘}:'5 cos(¢)

sin(2rnF't + ¢,,) dt

tand cos(¢1)

Therefore, we get

TFCyas Vin Vi ) cos
Pppg = —= ”(1 (91) (6)

)
1 — ™V COS(¢1)

by combining (3) and (5). Moreover, because a high voltage gain

is expected for the resonant tank, it is assumed that me < Vin,
leads to

Pypa = WFCgaqV:thV cos(¢1). (7N

Expected waveforms taken from a SPICE simulation are plotted
inFig. 4. In aresonant converter, ¢; depends on F'. Furthermore,
because of the expected resonant tank high selectivity, F' can be
assumed to be nearly constant, and ¢; is a degree of freedom
allowing to control the injected power. Therefore, (7) shows that
Pypq can be controlled by either controlling ¢, by acting very
slightly on F’, or by acting on Vlfw The later can be performed
by either acting on Vi, when it is technically possible or by

Discharge OFF Discharge ON

1 | 50 ns/div—
T TN | I ] P
——= V. 50 V/div sw 50 V/div

1 1 "",‘
1 1 |
l/ Tpu Ise——l——l

50 ns/div |

| | | |
sw' 400mA/div
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400mA/div
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Fig. 4. Spice simulation results: expected waveforms with Vj, = 100 V,
Cgas = 21 pF, Cgje1 = 75 pF, Vi, = 1200 V, L =205 uH, Ry = 0Q F =
2.708 MHz. Both theoretical study and computation give Pypq ~ 29 W and
Thuise ~ 36 ns.

acting on the switches command law. In addition, the relative
drift of Pyy,q equals the relative drift of the physical parameters
in the worst case since (7) leads to

’ d‘/th
(bl ’Vigxlx? a ‘/th

Pang
‘d abd ®)

Pana

+ ngas
Cgas .

3) Pulses Geometry: Pgyq can be calculated by distinguish-
ing the discharge ON and OFF states. Effective power is trans-
ferred only during the ON states. Equation (2) leads to

Pava = 2F/ Vthidbd(t) dt. 9)
pulsewidth

Moreover, the discharge transits from the ON state to the OFF
state when ¢4qpq changes the sign. Therefore, assuming that
iapa(t) = Tdbd sin(27 F't) because of the resonant tank high se-
lectivity, leads to

cos(2mF T uise))
T

— 2F Vi, Qapa (1 — cos(2m F Ty y1sc))

idpd (1 —
Pina = Vi

= 4F Vi, Qava sin® (1 FTyuse ) (10)
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where T}, 14 is the pulse duration. Combining (5) and (10) leads
to

o (1)
w V. cos(ér)
. Papa (1 -
Tyuise = —= arcsin

TF AFCp V2

oL arcsin _ Pava
oF 1FC V2

The theoretical value of T}, is plotted in Fig. 5.

The high frequency range (1-10 MHz) interest is demon-
strated since it allows us to reach low-pulse durations (10—
100 ns).

QY

III. DESIGN ISSUE OF THE RESONANT POWER CONVERTER
A. Resonant Converter and Its Losses

1) Voltage Gain of the Resonant Tank: Actually, the power
converter elements are subject to losses which, in addition to
reducing the converter efficiency, also can reduce significantly
the resonant tank voltage gain. This may prevent the discharge
from igniting. In this section, losses are encompassed in a serial
resistor R (see Fig. 3) with the resonant inductance assumed
to be a constant parameter at the working frequency.

In order to ignite the discharge, Vg, has to reach Vt[ﬁ] Con-

sequently, the voltage gain (G, of the converter defined as the
the ratio ded / V<1) must fulfill the following criterion:

inv

Cons\ VI
Gy (142 ) 2
( * C(diel> V(l)

inv

12)

Moreover, taking into account that G,, > 1 because a high volt-
age gain is expected for the resonant tank, it can be approximated
by the classical formula for serial RLC resonant circuits:

1 L
G’U:in

1
Rs ch ( 3)

where Ceq = CyasCliel/(Caas + Caiel) and @ are respectively
the “OFF state” resonant capacitance and the load quality
factor. Thus, introducing the “OFF state” resonant pulsation

wy = 1/(y/LCeq) of the load in (13) leads to

Lwo
G, = .
R,

(14)

Finally, the criterion (12) is expressed as

Lo Chus \ VIV
1 gas | Yib
R, ~ ( - Cdie1> v

mv

5)

Criterion (15) intends to provide guidance concerning the design
of the resonant inductor and the switches of the full-bridge.
Therefore, the challenge is to control both the value of L in
order to reach a desired resonant frequency and the value of R,
in order to satisfy (15).

2) Switching Conditions: Contrary to power converters that
do not use the resonant principle for supplying DBD devices,
good switching conditions can be obtained and switching losses
can be reduced. Fig. 4 shows that when Vj,,, changes of sign, the
load current i41,q is nearly zero meaning that a ZVS and ZCS
behavior can be obtained.

B. Designing the Resonant Inductor and the Inverter

Losses are located mainly in the magnetic core (hysteresis and
eddy current losses) and in the winding structure (dc resistance,
skin, and proximity effects). For a given frequency, the total
losses can be modeled by a single serial resistance .

1) Magnetic Material Survey: Iron losses contribute at in-
creasing R, value: a wise choice of the magnetic material
is important. Usually, manufacturers give either fitting coeffi-
cients K, «, 3 for the Steinmetz equation giving the loss den-
Sity Piot @S Proy ~ K B FP or either the complex permeability
= p' — ju” where p/ and p” are positive values, as a func-
tion of the operating frequency. The first approach furnishes a
behavioral law that takes into account both hysteresis and eddy
current losses for a sinusoidal induction although the second one
serves at evaluating hysteresis loss density pyy;. The hysteresis
loss factor tan dyys of the material is defined as

/J’N Ri.lySt

t 618 = — =
an( }Y.t) ,Uz/ Lu}

(16)

where w = 27 F, F being the working frequency, and R is
the equivalent serial resistance with the inductance due to total
hysteresis losses. Assuming that 6 < 1 and for a sinusoidal
excitation, the hysteresis loss density can be estimated by

B2,
2|l

Physt ~ (17)

Analogously, a total loss factor tan(d.:) can be defined. As
tan(dnys, ) fulfills (17), tan(dye, ) should be such as

w tan(étut ) BQ

ot = 18
Ptot 2|H| (18)
leading to
2|N‘pt0t
tan(dioy) & ——
(Otot) wB?
KB E (19
T

by using the behavioral law of p.;. By analogy with (16), the
equivalent serial resistance responsible for the inductance core
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values are taken from Table I. It is experimentally observed that Vt[lf] ~ 3000
V for the excimer lamp, and 3500 V for the plate/plate device.

total losses R'°" such as

tot
Ry
Lw’

can be defined. Thus, according to (20), criterion (15) exhibits
an upper limit to the magnetic material loss factor that can be
expressed as

tan(dyot) =

(20)

(1)
1 f
tan(dyor) < 7‘/”“’ .

[+ g=) W)

2) Winding Arrangements: The resonant inductance is de-
signed to produce an high voltage across the DBD device.
Therefore, it has to withstand a high voltage since its voltage
is Vypa £ Vin which can reach several kilovolts. Therefore, in
order to prevent from arcing, the turns have to be arranged in
order to be far apart from each other, and a highly isolated core
have to be used.

3) Inverter Switches:

a) Switches voltage rating: The criterion (12) can be

rewritten as

21

Ceas (1]
(1) (1 - Cjiel) Vi
Vi > ———F—717.

mv Q
In the case of a symmetric square voltage waveform of mag-
nitude Vi,, the Fourier expansion allows us to express the first

(22)

harmonic magnitude by AL /7 Viy. It leads to express the

inv

switches minimum voltage rating V21" as

m(1+ S ) vl
1Q '

Typical V2" versus @ curves are sketched in Fig. 6.

Two cases are taken into account: the “first ignition criterion”
since the power converter switches have to carry a higher voltage
to ignite the gas the first time, and the “steady state criterion”
which assumes that an auxiliary circuit is in charge of the first
gas ignition. Fig. 6 shows that, if () is high enough, the gas
ignition can be reached with common electronic switches.

b) Switches losses: Conduction losses P.,,q can be mod-
eled by P.ong = Rdsif.ms, where Ry, stands for the on-state
drain-source resistance, and %, is the RMS switch current.
In addition, switching losses can be modeled by considering

min __
V;w -

(23)
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Fig. 7. Switch losses versus frequency for several switches having a voltage
rating of 100 V. The parameters Vi, and i,1,s change with the frequency value
to ensure a constant power of 66 W. All the components are MOSFET devices
except the EPC1001 and EPC2007 which are GaN devices.

the switching sequence, including the transistors dead time. For
this study, it is assumed that the switching time is much shorter
than the operating period, and that during the switching time,
the DBD current is zero (soft-switching assumption which is
experimentally observed in Fig. 16). According to [21], 0-A
switching losses P, are only due to the charge/discharge of the
switch output parasitic capacitance C,ss Wose value depends on
the drain-source voltage. Thus, the switching losses are given
by Py = F fov Coss Vas dVis, where F' is the switching fre-
quency, and Vi, is the input voltage. According to [22], Cyss
can be expressed as Coss = Cp/(1 4 Vis/K)? for MOSFET
devices, where () is the zero-voltage capacitance and K, -y are
adjustments parameters. Therefore, switch losses are given by

Vin
Coss Vds dv:is .

(24)
In order to provide guidance in the choice of the power switches,
a comparison of several switches having the lowest figures of
merit ((), X Rq, product) is given in Fig. 7. The comparison is
done at a constant output power Py,q = 66 W. Equation (7)
shows that the DBD power Py},q scales in Vi, x F'. Therefore,
the input voltage Vi, must scale in 1/F in order to ensure a
constant power in the DBD device. Moreover, %,,,; must scale
in F' because the input power scales in Vi, X 4. Fig. 7 shows
that, for this application, devices made of GaN material are
serious candidates among the best state of art MOSFET devices.
Further improvements can be expected since GaN devices are
far from their theoretical limitation in term of specific resistance
and breakdown voltage [23].

Because of the high switching frequency, a short switching
time (few nanoseconds) is recommended. Both parasitic ele-
ments of the switches [24] and PCB layout play a determining
role in that regard. In [25], the authors show how the PCB layout
can affect a fast switching high-frequency converter efficiency,
and how an optimized layout can be performed in order to pre-
vent from switches voltage overshoots and to reduce switching
losses.

4) Parameters Drift Compensation: Physical parameters:
Vins Cyas for the DBD device and p for the resonant inductor, are
subjected to fluctuations. Fluctuations can be either slow, due

]Dtot - Pcond + Psw - Rdsizms + F
0
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to temperature variations, or abrupt, due to a component value
change. These variations affect the load resonant frequency, and
strongly impact the injected power since ¢; is very sensitive
to frequency fluctuations. A control system suitable for electric
discharge application is studied in [26]. It allows us to compen-
sate abrupt and slow parameters variations and ensures a better
discharge control. Our implementation compensates only slow
variations (thermal drifts) by means of controlling the phase dif-
ference between Vi, and ¢q,,q in order to maintain the system
at the resonant frequency. A scheme of the operating frequency
control is presented in Fig. 8. The phase difference between

idbd and V(l)

" is measured with a phase comparator, and is com-
pared with the phase reference ¢i°f. Then, the carrier generator
frequency is controlled by a control block which ensures a zero

static error.

IV. EXPERIMENTAL VALIDATION

The experimental setup is presented in Fig. 9.

A. Experimental Setup

1) Inverter: The inverter used for the experiment is taken
from a GaN high-frequency converter whose design is stud-
ied in [27]. To reach the selected frequency range (1 MHz),
the PCB layout and the components placement are performed
in order to minimize the switching losses and to prevent from

GaN switches
Decoupling
pacitors

==Power loop Driver

Fig. 10.  Zoom on the GaN switched inverter two cells. Power loop surface is
minimized.
1000

Inductance =———— tan(e) $=== ] °

tan(b) (%)

0.5 0.6 0.7 0.8 0.9 1 1.1
Freq (MHz)
Fig. 11.  Actual resonant inductor: values of L and of tan(d) versus frequency.

Measurements are performed with the Newton N4L impedance-meter.

GaN voltage overshoots: the power decoupling capacitors place-
ment, being on the same side of the board as the GaN switches,
both minimize the commutation cell stray inductances and fa-
cilitates a heatsink implementation (see Fig. 10). As shown in
Fig. 10, care is taken about minimizing switching cells power
path surfaces. The switches are 100-V nitride gallium eGaN
FET EPC1001 [28].

2) Resonant Inductor: The resonant inductor is made of a
nanocrystalline material £, 200 toroid core KJ030020Y200 [29]
and of 60 turns of 1 mm / 100 strands circular Litz wire. Mea-
sured characteristics are plotted in Fig. 11. At 1 MHz, the
measured inductance value is 820 pH and the loss factor, which
includes both iron and copper losses, is close to 0.047 leading to
Ry ~ 240 ). Therefore, according to (13), the expected voltage
gain is about 21. Moreover, this resonant inductor exhibits an
equivalent parallel parasitic capacitance of 6 pF which may bring
out a parasitic resonance peak (see the study in Section IV-A3).

3) Medium-Voltage Transformer: Because of the inverter
voltage rating (60 V) and the inductor performance (tan(d) =
4.7%, so Q = 21.2), the maximum DBD voltage that can be
reached may be not adequate to reach the first discharge igni-
tion (see Fig. 6). In Fig. 12, the lamp is not ignited although
its voltage amplitude is 3.5 kV. However, once the first igni-
tion has been reached, the lamp ignition voltage decreases. For
this reason, a medium-voltage high-frequency transformer is in-
serted between the the inverter and the inductance. It consists
of an EFD 25/13/9-3F4 magnetic core (Ferroxcube). The turns
are disposed in one single layer and a large insulation layer
separates the primary and the secondary windings in order to
minimize the capacitive effects. Its turn ratio is 4 in order to pro-
vide an ac voltage in the 0-240 V range, and to explore a large
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Fig. 12. Experimental waveforms obtained before the first ignition of the
lamp.

(1))
820 pH| Idbd
\ 400 A
— 75 pF
= .
8 dis
C:| Vtrans Vdbd I
>< Vth
— 21 pF
Vin
[:| Actual transformer [:] HF Snubber circuit [:] Actual resonant inductor
Fig. 13. Electrical scheme of the actual experimental setup with the medium

voltage transformer. Only the most significant elements are taken into account.

DBD operating point range. Theoretically, with the transformer,
6500 V can be obtained before the first ignition.

When the transformer is placed upstream the resonant in-
ductor, the capacitive leakage current matter evoked in [13] is
avoided. According to [30], under the assumptions that the trans-
former is highly coupled and that the leakage inductance voltage
drop can be neglected, the transformer capacitive effects can be
approximated with a single capacitance C), connected across the
secondary winding. The C,, value depends on the transformer
building parameters and the way that it is grounded. The C),
value is typically in the range of several tens of picofarads for
the transformers used for our experiments. The leakage cur-
rent matter appears when the DBD device is directly connected
to the secondary winding because of the low impedance ratio
|ZC,, /ZpBD |, where Zppp, essentially made of a capacitive
term, stands for the DBD device impedance which depends
on the gas state (ignited or not). It means that an important
amount of current flows into C,, instead of the DBD device.
However, when the resonant inductor is placed on the secondary
side of the transformer, the impedance ratio |ZCP /Z1oad |, Where
Zload = ZpBD + JjLw,is much higher since the j Lw term com-
pensates the capacitive term of Zppp at the resonant frequency.
Nevertheless, the circuit frequency response is affected by the
leakage inductance of the transformer. Fig. 13 shows the elec-
trical scheme of the experimental setup that takes into account
the most significant elements. In Fig. 14, the gain between the

= = = Without transformer = .= Without snubber = With snubber
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Fig. 14.  Transformer influence on the frequency response.
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Fig. 15.  Experimental waveforms for Vi, = 55V, using a high voltage probe.

DBD current ¢q,q and the input voltage (Vh(llv)) is plotted. It
is shown that the insertion of the medium voltage transformer
brings out a high-frequency mode at 12 MHz (see Fig. 14)
superimposed to the first resonant mode (1.2 MHz). In order
to attenuate this HF mode, a snubber circuit (22 pF — 1 k(2)
is added in parallel of the transformer secondary winding.

B. Measurements

1) Waveforms: The experimental waveforms where a high
voltage probe is used are plotted in Fig. 15. The operating
frequency is 781 kHz, and the injected power Py, is 39 W. One
can note that the voltage probe used to measure Vg4 influences
the system behavior since its equivalent parasitic capacitance
(8 pF) is placed in parallel to the DBD device. When no high-
voltage probe is inserted, the resonant frequency is 949 kHz
instead of 781 kHz (see Fig. 16).

2) Switching Conditions: A low switching time is reached
for the experiments: 3 ns for switching ON and 5 ns for switching
OFF (see Fig. 16). Moreover, no voltage overshoot is measured.
It proves the quality of the PCB design. In addition, the soft-
switching behavior is reached since the inverter current %,
is about a few hundreds of milliampere during the blocking
time.

V. CONCLUSION

In the framework of DBD power supplies design, the interest
of the high-frequency operating conditions has been shown: it
allows us to supply DBD devices with short discharge current at
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Fig. 16.  Experimental waveforms for Vj;, = 55 V without high voltage probe

and zoom on the blocking time.

a high repetition rate and to perform an accurate control of the
injected power. This study has shown too, that theoretically, a
transformerless resonant topology is appropriate in that regard.
The use of wide bandgap switches and an appropriate PCB de-
sign allows us to reach a high operating frequency, which could
be probably even higher than presented in this study. Moreover,
thanks to this topology, working with a good Pypq/ (Vm iin) ra-
tio is possible, leading to compact power converters. It is also
shown that the temperature drift has to be compensated.

Nevertheless, the frequency rise brings to light new chal-
lenges. The resonant inductor design becomes a more sensi-
tive issue which limits the operating frequency. Indeed, high-
frequency phenomena strongly increase the loss factor which
results in an efficiency decrease and leads either to increase the
input voltage and the switches voltage rating, or either to use a
medium voltage transformer. The actual resonant inductor ex-
hibits a loss factor which has to be reduced even more if higher
frequencies have to be reached and the medium voltage trans-
former has to be eliminated. Moreover, parasitic elements such
as the equivalent parallel parasitic capacitance of the inductor
start playing an important role above the mega-Hertz range. That
element should also be taken into account during the inductor
designing process.
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